Background: An aim of the EURO-URHIS 2 project was to collect standardised data on urban health indicators (UHIs) relevant to the health of adults resident in European urban areas. This article details development of the survey instruments and methodologies to meet this aim. Methods: 32 urban areas from 11 countries conducted the adult surveys. Using a participatory approach, a standardised adult UHI survey questionnaire was developed mainly comprised of previously validated questions, followed by translation and back-translation. An evidencebased survey methodology with extensive training was employed to ensure standardised data collection. Comprehensive UK piloting ensured face validity and investigated the potential for response bias in the surveys. Each urban area distributed 800 questionnaires to age-sex stratified random samples of adults following the survey protocols. Results: Piloting revealed lower response rates in younger males from more deprived areas. Almost 19500 adult UHI questionnaires were returned and entered from participating urban areas. Response rates were generally low but varied across Europe. Conclusions: The participatory approach in development of survey questionnaires and methods using an evidence-based approach and extensive training of partners has ensured comparable UHI data across heterogeneous European contexts. The data provide unique information on health and determinants of health in adults living in European urban areas that could be used to inform urban health policymaking. However, piloting has revealed a concern that non-response bias could lead to under-representation of younger males from more deprived areas. This could affect the generalisability of findings from the adult surveys given the low response rates. 
Introduction
C urrently, more than half the global population live in urban areas, 1 predicted to increase to more than two-thirds over the next 25 years. 2, 3 In Europe, this level has already been reached with $70% of people living in urban contexts, a huge demographic population shift from only 10-15% in the 1800s. 4 In view of this population shift it is important to understand how residing in such urban contexts affects (both directly and indirectly) health and the social determinants of health when developing policies that will impact on public health. 3 Urban health research has been defined as 'explicit investigation of the relation between the urban context and population distribution of health and disease'. 3 To understand this relationship it is important to obtain reliable data on the determinants of health and disease at an urban level, repeatable across a variety of urban contexts.
The European Urban Health Indicators System (EURO-URHIS) project was launched in 2006 5 to investigate the potential to develop an urban health indicator (UHI) system that could be used to describe urban population health across the European Union. A list of 45 UHIs were identified as essential for describing 'the urban context and population distribution of health and disease', however many of these were not supported by routinely available data. 5 To obtain this information and get a representation of priority urban health issues, a principal recommendation from the project was the necessity to obtain population-based survey data in a standardised way across heterogeneous urban contexts. The second phase of the project, EURO-URHIS 2, started in January 2009 and, as one of its objectives, set out to action this recommendation with the development of survey tools and methodologies to collect UHI information in adult and youth populations. The tools were validated, piloted and used across a number of European urban contexts to demonstrate the utility and application of these components of the Urban Health Indicator System (URHIS). We report here the development, validation, distribution and dissemination of the UHI questionnaires to describe the health and determinants of health of adults living in urban areas as part of EURO-URHIS 2.
Methods
Research partners from the 11 countries participated in EURO-URHIS 2 and comprised the project steering group. Standardised research protocols were developed through consultation with the group providing a theoretical framework for the research content, data collection and analysis procedures. The EURO-URHIS 2 adult survey protocol was developed to ensure comparable, reliable UHI data and included detailed information and instructions covering (i) the study objectives and conceptual framework for the surveys, (ii) study settings (urban areas), (iii) development of the survey tool, (iv) the ideal survey methodology proposed for standardised collection of data including sampling, data collection procedures, translation and piloting of tools and (v) standardised data collection, entry and treatment (Appendix 1).
Study settings
Adult surveys were conducted in 32 urban areas (table 1) . For each urban area boundaries were carefully defined 6 as either the city administrative boundary or the public health administration area was used.
Survey instrument
The adult survey questionnaire was developed, piloted and translated in six distinct phases (figure 1).
Firstly, a list of UHIs highlighted as important in the first EURO-URHIS project was drawn up. Secondly, where they existed, previously validated questions were sourced to represent each selected indicator according to five specific domains (i) Demography, (ii) Lifestyle, (iii) Health Status, (iv) Health Service utilisation and (v) Environmental Health. Requirements for selected questions were that they were from pre-existing standardised instruments, used previously for health and lifestyle surveys across Europe. Where possible, questions had to have (a) been administered across more than one country, (b) focussed on adults aged 18 years and over, (c) been translated into other European languages and (d) used in self-administered postal questionnaires or in face-to-face interviews. In the absence of previously validated questions on specific UHIs, experts were consulted for suitable phrasing of questions. Thirdly, the content of the adult questionnaire was ratified and approved over the course of two dedicated steering group meetings.
Piloting for the adult survey questionnaire was conducted in three phases:
Phase I involved structured feedback from 19 public health professionals who completed the questionnaire at a EURO-URHIS 2 workshop in Liverpool, UK.
Phase II involved interviews with patients from two general practices in Merseyside, UK [one in an affluent area (Southport) and one in a deprived area (Bootle)] and adult workers at The University of Manchester.
Based on the structured feedback from Phase I and II the comprehensibility and face validity of the questionnaire was demonstrated-no revisions to the survey questionnaires were required.
Phase III piloting focussed on potential response to the adult surveys after following the mailing procedure (specifically in relation to potential non-response bias). A stratified (age and sex) random sample of 200 adults registered with general practices in Southport and Bootle, UK (total n = 400) was randomly selected and stratified. The survey procedure (as detailed in the study protocol) was followed and response rates were analysed in relation to (i) each mailing and (ii) by demographic characteristics. Additional information on non-responders (beyond basic demographic information from the sampling frame) was not collected.
Questionnaires were finally translated into the languages of the participating countries with back translation into English and piloted locally.
Survey procedure

Study sample
To identify representative samples of adults in the target age groups (18-65 and >65 years) from each urban area, stratified random samples (age and sex) of 800 adults from each age group (total n = 1600) were taken from the best available population registers (table 1) .
Survey conduct
To minimise the potential for non-response bias, evidence-based procedures were adopted to maximise response rates to the surveys informed by a Cochrane systematic review and metaanalysis 7 -detailed in table 2 . Accordingly, the questionnaire was kept brief (12 pages), personalised (colour photograph of relevant urban area) and accompanied by an endorsed cover letter with confidential envelopes used. A raffle with a E50 was also used for completed questionnaires. Finally, two repeat mailings were sent to nonresponders, 2 weeks apart (postcard and additional questionnaire) with persistent non-responders receiving a telephone call 2 weeks after the final mailing. For some urban areas (where phone numbers were not available from the sampling frame), the final stage of contacting non-responders by telephone was not undertaken.
The EURO-URHIS 2 project received UK ethical approval (i) the Research Ethics Committee (REC), (ii) the National Information Governance Board (NIGB) and (iii) the R&D governance of the local National Health Service (NHS) organisation in each of the UK urban areas. Local ethical approvals were sought from all participating urban areas.
Data collection, training and standardisation of methodology
Data quality and data entry procedures were standardised using operations manuals. Data collection and entry was carried out during September 2010-May 2011.
To ensure standardised and valid data collection to allow direct comparison between the heterogeneous European urban areas, training workshops were conducted at key points during the project involving partners collecting data. The workshops ensured that each partner was fluent in the questionnaire content, sampling for the survey, survey methodology and data entry/cleaning, with potential problems being identified and addressed prior to data collection.
Results
Piloting
After Phase III piloting (sample of 200 from each practice), response rates were 52% for Southport (affluent; n = 104) and 34% for Bootle (deprived; n = 68) (table 3). For both areas younger ages (18-65 years) had significantly lower response rates than older ages (>65 years): Southport 39% vs. 63% (P = 0.001); Bootle 17% vs. 44% (P = 0.0001). There were no significant differences observed in response rates by sex. The lowest overall response rate was observed in younger (19-64 years) males from the more deprived urban area (Bootle); 12% (n = 6 from the 50 mailed).
The EURO-URHIS 2 adult population surveys
Thirty-two urban areas participated in the EURO-URHIS 2 project from 11 countries (eight EU member states, Norway, Turkey and Macedonia) and provided UHI data from the adult surveys (each mailing 1600 adults from stratified random samples). In total 19 441 questionnaires were returned and input for data cleaning and dissemination (including data validation and calculation of urban area specific response rates). Table 1 presents the crude response rates prior to data cleaning and validation for participating urban areas [conurbations in Greater Manchester (five urban areas) and Merseyside (five urban areas) were each combined]. The crude overall response rate for the EURO-URHIS 2 adult survey was 40.8%, after accounting for inaccuracies in some of the sampling frames (sampled individuals not being living at the address identified from the sampling frame: for example in the UK post office returns identify such inaccuracies as 'not known at European Journal of Public Health address'). The highest response rates were for Bistrita, Romania (64.3%) and Maribor, Slovenia (57.4%). The lowest response rates were for Ankara (12.3%) and Izmir (9.6%) in Turkey.
Discussion
The EURO-URHIS 2 project has effectively collected comprehensive UHI data for adults (aged 18-65 and >65 years) across heterogeneous European urban contexts. A participatory approach involving research partners in (i) identification of the UHIs, (ii) development of survey tools, (iii) development survey methodology and (iv) identification of urban area-specific best practice for survey conduct, has allowed standardised data collection allowing benchmarking of indicators by setting (an aim of the project). Effort spent in survey planning (questionnaire development, survey procedures and piloting) has maximised the quality of the UHI data obtained from the surveys.
The dataset provides unique information on health and determinants of health in adults living in European urban areas that could be used to inform urban health policymaking. Urban area health profiles have been created based on the UHI data to assist this process.
Despite adopting the best evidence-based methodology for the postal surveys 7 response rates were generally low and disappointing with many <40%. This has been a frequently observed problem for other population-based health surveys conducted in European settings. [8] [9] [10] [11] Non-response to surveys can lead to decreased power, increased standard error and non-response bias. 12 Phase III piloting did identify a potential concern in relation to non-response bias with the lowest response rates being observed in younger male adults from more deprived areas (a population group of particular interest for public health policy relating to the wider determinants of health including health-related behaviours). This would limit the generalisability of findings from the EURO-URHIS 2 to this demographic, potentially underestimating the prevalence of UHIs. Previous studies have found that responders to health surveys typically have a higher socioeconomic status and that they report a better subjective health, lower healthcare use and healthier lifestyle behaviours than non-responders. [8] [9] [10] [11] [13] [14] [15] [16] [17] [18] This would suggest that the UHI information collected from the EURO-URHIS 2 surveys could potentially underestimate public health issues (health outcomes and the determinants of health), although this is unlikely to differ systematically across the majority of participating urban areas inhibiting a comparison between cities.
Despite the limitations inherent in collecting UHI data by postal survey, this is currently the most practical methodology for collecting individual-level population-based information. This is a: For Southport missing information on age (n = 2) and sex (n = 4). b: For Bootle missing information on age (n = 7) and sex (n = 9).
necessary to fully understand the health profiles of urban areas, providing important UHI data not available from routine sources of data collection, to assist health-related policy decision-making in cities. Further enhancement of survey methods, perhaps utilising technology (e.g. social media), are needed to maximise response rates in future surveys of health.
Supplementary data
Supplementary data are available at EURPUB online.
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Key points
EURO-URHIS 2 has developed standardised instruments to collect comprehensive UHI information in adults (aged 18-65 and >65 years) from heterogeneous urban settings (Appendix 2-adult survey questionnaire). EURO-URHIS 2 has identified evidence-based methodologies for the collection of UHI data in adults from heterogeneous urban settings (Appendix 1-adult survey protocol). EURO-URHIS 2 questionnaires and data collection methodologies allow comprehensive health profiling of the adults living in urban areas, important for public health policymakers and practitioners working and legislating in urban areas. Poor response rates from the population-based surveys potentially introduce non-response bias with younger males from more deprived areas being under-represented by survey data.
Appendix 1: Adult Survey Protocol for EURO-URHIS 2 Introduction
We are doing this research project to study the trends in population health for urban areas (UA). We are doing this study now because urbanisation is occurring across Europe and globally. EURO-URHIS 1 found a set of health indicators which are important for urban health. Many indicators were not available through existing sources; therefore, a population-based health survey is required. The survey presented in this protocol will be used to obtain information on urban health indicators (UHIs) for two EURO-URHIS 2 target age groups (19-64 and !65 years). To obtain valid representative data on a third target age group (0-18 years) a separate youth survey is planned. (See Youth Survey protocol.) Where it is not possible for cities to carry out a separate youth survey, the population-based health survey will need to also address the 0-18-year-old age group-additional sampling and questions will be required. This will be detailed further on in the protocol.
The objectives of the adult survey within EURO-URHIS 2 are to:
Collect data at UA level for 19-64 and !65-year-olds. Provide tools for evidence-based policy at several levels (local, national, European, international) for UA for 19-64 and !65 years. Develop methods for cross-sectional and longitudinal assessment for urban population health including all relevant determinants of health of 19-64 and !65 years. Validate these tools and methods by using existing populationbased registries and databases. Apply the tools in the field and ensure they are easy and intuitive to use by policy makers.
The research questions to be investigated are:
Is it possible to collect health data of 19-64 and !65 years at UA level? How feasible is it to use data at urban level to produce tools to policymakers at local, national and international level? What relevance will these tools have to policy makers? Are they useful? Are they applicable?
Specific objectives of the adult survey
To collect valid and generalisable data for 19-64 and !65 year olds on a number of domains: Demography Lifestyle Health status Health services Environment and occupational health To observe any age or sex differences To obtain generalisable data from each city for adults To be able to produce city wide health & policy profiles for adults To find an association between the health of adults and UA characteristics To detect UA health differences To explain lifestyle differences and the subjective physical environment To investigate UA policy differences To calculate aggregate measures, including Healthy Life Years, Disability Adjusted Life Years, future predictions of health trends, and Population Impact Measures. To develop an urban health impact screening tool
Settings
To define ''UA'' for each city two approaches will be used. For the 37 UA that are also included in data collection for the Urban Audit project, the city administrative boundary will be used. This is the Urban Audit 'city' level. If a city's UA is beyond the scope of Urban Audit, the public health administration area will be used. Based on research conducted by the Manchester team, table A1 shows the definition of UA to be used by each participating city.
Design
Data will be collected using a population-based, cross-sectional questionnaire.
Study population
A representative sample of adults from age groups 19-64 and !65 years is required from each participating city in EURO-URHIS 2. The sampling frame from which to select the target population should be the best available population register for each city (defined The survey will use a stratified random sampling method to ensure equal distributions in strata for each target age group and sex (equal numbers of males and females). Where possible, sampling will be carried out by partners from each city under guidance from the team in Manchester. For some cities sampling will need to be carried out by the body holding the population register (at cost to the participating partner). In this situation, clear instructions will be provided by the Manchester team detailing requirements of the sampling method.
In the UK, the sampling frame for the participating cities will be general practice registers (or the electoral roll where practice registers are not available). For these cities, stratified random sampling will be conducted using random number generators to obtain the required sample sizes. Only the chief investigator from each city will have access to the details of individuals randomly selected for the study population. These details will be held on secure, encrypted databases at the research institution for each city. Once the samples have been selected, general practitioners for the participants in the sample will be contacted by letter to inform them that their patients have been selected for the purposes of the health survey. Where possible, for example in Merseyside, general practitioners will be asked to check whether selected participants are still registered with the practice and are suitable for participation in the survey (e.g. removing the contact details of those individuals who have died, left the practice or are not physically able to complete the survey questionnaire). Individuals removed from the study sample will be replaced with additional randomly sampled subjects from the sampling frame.
A preliminary sample size calculation was conducted based on a population-based survey estimate for one UHI (self-reported poor health). To detect an estimated prevalence of 30% with an acceptable error of AE5% and a confidence of 95%, a minimum of 340 individuals will be required from each target age group. Therefore, the target population for the adult survey is 400 responders for age 19-64 years (approximately equal distribution by sex) and 400 responders for age !65 years (approximately equal distribution by sex).
Data collection tool (questionnaire)
Selection of questions
The survey questionnaire was developed to collect information about UHIs that either (i) could not be obtained from existing data sources or (ii) could provide additional supporting information to that obtained from existing data sources. The questions were selected based on five domains: (i) Demography, (ii) Lifestyle, (iii) Health Status, (iv) Health Services and (v) Environmental and occupational health. Where possible it was required that questions be selected from existing standardised or validated instruments used for health and lifestyle surveys across Europe. Ideally questions were selected from preexisting surveys that fulfilled the following criteria:
Administered across more than one country. Focussed on adults aged 18 years and over. Used short, validated questions that have been translated into European languages. Used a self-administered postal questionnaire approach (in the absence of suitable examples being identified from this source surveys using face-to-face or telephone interview approaches would be selected).
Five working groups were established to identify as many validated sources as possible for UHIs relevant to each of the five domains. The working groups consisted of steering group members from Euro-Urhis 2 who either had previous experience of these areas of research or who expressed an interest in working within this domain. Leads for each working group were identified who had experience of survey-based methodology.
Validated sources for UHIs used by the working groups to identify relevant questions included: Problems using the indicated boundaries should be notified to EuroUrhis2@manchester.ac.uk Latvia, Lithuania and Poland participated in the project The HEPRO survey model, a questionnaire was answered by 33 000 respondents in the Baltic Sea Region during October-November 2006. (Finland and Sweden did not take part in the final survey.) The age range targeted was 16-79 years. The HEPRO project focussed on developing a questionnaire which included core indicators derived from a modern concept of health and health promotion, combining biomedical, epidemiological and psychosocial descriptions of health. As well as an English master copy the questions were variously in different languages: Estonian, Latvian, Lithuanian, Polish, Russian, Danish, Swedish and Norwegian, (4) NWPHO (North West Public Health Observatory) Core Questions and Methods. The NWPHO was asked to provide a framework for the conduct of lifestyle surveys across the North West region of England. The questions were further tested against European targets. Following consultation around the region a set of questions has been developed that is recommended as a minimum core that will help to collect data on key lifestyle topics. The questions were chosen for being able to provide data to support target setting and monitoring and if they had been previously validated. A final report was written in 2007 and subsequently the questions were used to conduct a regional lifestyle survey. The age range targeted was 16 years and older. This questionnaire has not been translated.
At a 3-day steering group meeting in Oslo (April 2009) the lead from each working group presented a paper detailing the items from their domain that had been deemed appropriate for measuring UHIs within this domain. Through discussion, items identified as being the most appropriate, practical and generic (in terms of being understood in multiple European countries after translation) were identified for inclusion in the Euro-Urhis data collection tool. If a previously validated source could not be found for any UHI necessary for Euro-Urhis 2 suitable questions were drafted by core members of the steering group and management committee. These were then circulated to members of the steering group and to city partners for comments and feedback, which were iteratively incorporated into the questionnaire.
Piloting the survey instrument
Piloting will be carried out in three phases. The first two phases of piloting concern the face validity and comprehensibility of the survey tool. Phase I will involve completion of the survey questionnaire by colleagues of steering group members for EURO-URHIS 2 who will be asked to give structured feedback on a proforma. This will include completion of questionnaires and feedback by study partners in Workshop 1 (WP 10). Phase II will be conducted in Merseyside (UK) in two general practices, one from a relatively affluent area (Southport) and one from a more deprived area (Bootle). Patients attending the practices on four randomly selected days will be asked to complete the survey questionnaires and provide structured feedback on a proforma administered by interview by two researchers from Liverpool University.
For participants in the Phase II pilot informed consent will be obtained after providing a detailed information leaflet about the purposes of the piloting exercise (and details of the EURO-URHIS 2 project). The questionnaires will contain no identifiable information about any of the participants.
For Phase III piloting two practices (Bootle and Southport) will provide names and addresses of 200 randomly selected patients from their practice lists stratified by age group (19-64 and !65 years) and sex (100 from each age group; 50 males and 50 females). Each participant will be sent a cover letter from their general practitioner giving details about the survey, a survey questionnaire and a reply envelope. Non-responders will then be sent a reminder postcard after 2 weeks and persistent non-responders were sent another questionnaire. Response rates will be analysed by each mailing and the quality of responses analysed from questionnaires (e.g. missing data). Names and addresses will be deleted after the final mailing and none of the information from the questionnaires.
Survey procedure
To achieve the required numbers of responders from each age group a three-four-stage follow-up of non-responders is recommended (figure A1)-Mail 1 (questionnaire), Mail 2 (postcard reminder), Mail 3 (questionnaire), telephone call (reminder/interview). This procedure is designed to maximise the response rates to the study. Discussion with all city partners at a workshop in Slovenia indicated that all would be able to carry out at least three stages of the recommended follow-up of non-responders detailed above. Figure A1 shows a hypothetical example of anticipated response rates at each stage of follow-up of non-responders. Sampled individuals will initially be sent the survey questionnaire by post (n = 1600; 800 from each age group; 400 males and 400 females). After a 2-week period non-responders will be sent a reminder postcard (n = 1200 after estimated 25% response rate). After a further 2 weeks the survey questionnaire will be mailed to persistent non-responders (n = 1140 after estimated 5% response to postcard reminder). The next stage of follow-up could be a telephone reminder/interview after an additional 2 weeks (n = 554 calls after estimated 15% final mailing response and 70% availability of telephone numbers).
To maximise the response rates obtained for the survey the following steps are recommended based on a Cochrane review of techniques to improve response to surveys (Edwards et al. 2002) :
The survey should be endorsed by a medical professional (e.g. the general practitioner supplying the sampling frame in the UK). The cover letter to accompany the survey questionnaire should be signed by this medical professional (on letter headed paper). The front page of the survey should have illustrations pertinent to the participating city. Incentives should be offered to stimulate response. This should be in the form of a raffle for returned questionnaires (50 Pounds/ Euros). The mailing of the survey questionnaire should include first class stamps rather than franked mail. The outgoing envelopes should be marked 'Confidential' on the front.
Social marketing using local media should be employed (this will depend on individual cities taking part and operation manuals will describe the appropriate approach for each).
In order to differentiate 'refusers' from 'non-responders', instructions will be provided on the questionnaire advising people who do not wish to take part in the study to return the survey questionnaire uncompleted. 
Data entry
Individual databases have been constructed in MS Access. Participating cities have been given appropriate training to use this database (Workshop 2). During the data entry stage, all data from individual cities will be accessible by the corresponding city partners, as well as being on the EUPHIX website. Data will be validated and checked. Data will be locked after consultation of the UA and with the database manager. Until this time, each UA will be able to access and amend their database. Data quality will be ensured by scrutiny from Work Package 5 leaders.
Analyses
Work Packages 6 and 7 are responsible for doing all analysis.
Training and conference
An introductory workshop on survey methodology and data collection (Workshop 1) for lead city partners took place in September 2009. A further training workshop (Workshop 2) was held in Maribor in January 2010 for all of those participating in the data collection.
Work packages 9 and 10 will be responsible for the training and dissemination of data collection tools.
Ethics and confidentiality
Approval will initially be sought from UK Regional Ethics Committee (REC) prior to submitting the survey protocol and instrumentation for R&D approval. At this stage, the Caldicott Guardians and data protection officers for each of the participating cities will be contacted for approval to ensure that compliance with Caldicott guidance and data protection has been met. Regional ethical approval will then be sought for each participating city.
Sampling information
Information obtained about the randomly selected individuals from each participating city (including names and addresses) will be held on one secure and encrypted database at the research institution representing each participating city. This information will only be accessible by the lead researcher for each city and will only be used for mailing purposes (recording returned questionnaires and sending reminders to non-responders). Upon completion of the final stage of the survey this information will be deleted.
Completed questionnaires
When questionnaires have been returned and the response noted by the lead researcher from each city, all identifiable information on the questionnaire will be deleted prior to data entry. This will involve removing and destroying the front page of the questionnaire that contains the study number (used for recording response). New study numbers will be given to each questionnaire to check for errors in data entry (unrelated to the participant's initial information). After data entry the questionnaires will be stored at the research institute for each city in a locked filing cabinet. The questionnaires will be destroyed after 2 years upon completion of the survey.
Study data
The anonymised data will be entered onto the secure standardised Access database as described above held centrally by the University of Manchester. Only the EURO-URHIS 2 management committee (AP, EV, CB) will have access to the full dataset. Lead researchers from each of the research institutes at each of the participating cities will have access to the city specific data.
Dissemination of methodology
Based on information gathering at Workshops 1 and 2 as part of work package 10, city-specific operations manuals will be created giving specific instructions in how to carry out each stage of the adult survey including maximising response rates and data handling. These operations manuals will be discussed with each participating city prior to implementation.
